A measure for objectively assessing pixel level fusion performance is defined. The proposed metric reflects the quality of visual information obtained from the fusion of input images and can be used to compare the performance of different image fusion algorithms. Experimental results clearly indicate that this metric is perceptually meaningful.
Introduction:
The recent availability of multisensor systems in key image application areas, such as remote and airborne sensing, motivated researchers to work on image fusion in general and pixel level image fusion in particular. Thus a plethora of pixel level fusion algorithms have been developed [1, 2, 3] with different performance and complexity characteristics. Fusion performance is mainly assessed using informal subjective preference tests and, so far, little if any effort has been directed towards the development of objective image fusion performance metrics. Given the input and single fused output images, this letter addresses the problem of measuring fusion performance objectively. Thus a performance measurement framework is defined in the next section which quantifies the fusion process and is subsequently used to compare the performance of different pixel level fusion systems. Furthermore, experimental results of this metric are presented in the Results section and are shown to be in agreement with preference scores obtained from informal subjective tests. This clearly indicates that the proposed fusion measure is perceptually meaningful. Concluding remarks are provided in the final section.
Fusion Measure: The goal in pixel level image fusion is to combine and preserve in a single output image all the "important" visual information that is present in a number of input images. Thus an objective fusion measure should i) extract all the perceptually important information that exists in the input images and ii) measure the ability of the fusion process to transfer as accurately as possible this information into the output image. In this work we associate important visual information with the "edge" information that is present in each pixel of an image. Notice that this visual to edge information association is supported by Human Visual System [4] studies and is extensively used in image analysis and compression systems. Furthermore, by evaluating the amount of edge information that is transferred from input images to the fused image, a measure of fusion performance can be obtained. Specifically, consider two input images A and B, and a resulting fused image F. Note that the following methodology can be easily applied to more than two input images. A Sobel edge operator is applied to yield the edge strength g(n,m) and orientation α(n,m) information for each pixel p(n,m), 1 ≤ n ≤ N and 1 ≤ m ≤ M. Thus for an input image A: 
These are used to derive the edge strength and orientation preservation values Results: In order to establish the subjective relevance of the proposed methodology in assessing the performance of pixel level fusion systems, Q P AB/F was estimated in relation to three fusion algorithms. The first, Scheme I, is a conventional multiresolution fusion system that employs an "area" type subband pixel selection approach during pyramid fusion [3] . Scheme II employs the same conventional Quadrature Mirror Filter (QMF) decomposition approach with an advanced cross band selection technique for pyramid fusion [1] . Scheme III is a computationally efficient system based on a background/foreground decomposition and fusion process. Thus informal subjective tests were performed using pairs of input images and the corresponding fused output images produced by two different fusion algorithms. Subjects were asked to vote in favour of one of the two systems or indicate that the algorithms perform equally well. A preference for a particular fused image assigned one point to the system used to produce it, whereas half a point was given to both systems in the case of equal preference. An average Subjective Score (SS) was therefore obtained for each fusion system, using the above hard decision process, when this test was applied over a set of K pairs of input images. The same hard decision preference and corresponding point allocation was also employed using the Q P AB/F objective measure. Figure 1 shows the SS and OS values obtained from two experiments. The first assessed schemes I and II and involved K=10 pairs of input images and 11 subjects, see Figure 1 (a). The SS and OS values for Schemes I and III obtained for K=12 and 9 subjects are shown in Figure 1 (b) . The pairs of input images used in these experiments are aerial visible and infrared registered imagery [1, 2] . These were selected to represent a wide range of imaging content as captured using hyperspectral sensors. Notice that the level of agreement between subjective and objective results is particularly high. At the same time, the size of the set of input pairs, K, used in these experiments is relatively small.
Conclusion:
A novel objective pixel level image fusion assessment framework is presented in this brief paper and has been used to compare the performance of different fusion algorithms. Preliminary experiments show that the hard decision fusion performance assessment obtained using the proposed objective measure agrees remarkably well with that obtained from informal subjective tests.
